A diallel study of yield and its components in F,, F,, F, and backcross generations was used to estimate components of genetic variation and type of gene action. Graphical and components of variance analyses revealed the importance of non-additive gene action for yield, pods per plant and clusters per plant. Additive gene action was important for 100-seed weight. Partial dominance for yield and seed size and partial-to over-dominance for pods per plant, clusters per plant and pods per cluster was evident from the graphic analysis. Dominant genes seem to govern inheritance of high yield and fewer pods per plant. The study indicated the appropriateness of studying one additional generation, either F, or backcross, to confirm the F, results. Implication of this study on breeding methodology is discussed.
Introduction
Phaseolus aureus Roxb., a self-pollinated diploid species, is an important grain legume in India. Significant heterosis for yield and other agronomic traits in this crop have been observed (Singh, 1970; Singh and Jain 1970) , but its exploitation for breeding superior pure lines would depend upon the magnitude of additive genetic variance. Moreover, the choice of an appropriate breeding system will be guided by the relative contribution of genetic and environmental variances for yield and associated characters. Diallel cross analysis has been useful in obtaining information on these aspects.
Very little information has been published on the mode of inheritance and gene action on this crop. From an F, diallel set, Singh and Jain (1971a) reported partial dominance for yield and partial-to over-dominance for pods per plant. The importance of both additive and non-additive gene effects has been reported for yield and pods per plant and of additive gene effects for seed size (Singh and Jain, 1971 b) . The present investigation was, therefore, designed to gather detailed information on the genetic architecture for yield and its components from diallel study of R, Fz, F3 and backcross generations. The other objective was to see whether complete information on gene action can be obtained from F, diallel alone or whether additional generations would be needed. 17, 1971. apart. The rows were spaced 60 cm apart. Non-experimental rows were provided all along the plot to avoid border effects. Observations were recorded on all competitive plants in each entry for grain yield (g), pods and clusters per plant, pods per cluster and 100-seed weight (g) .
Materials and Methods

Seven promising
Mean values from each entry were used for statistical analysis. Graphical and components of variance analyses were done according to the methods given by Hayman (1954 Hayman ( , 1958 and Jinks (1956) , respectively. The estimates of the frequency of positive (u) and negative (v) acting genes, degree of dominance and order of dominance of the parents were obtained by the following formulae:
Gene frequency ii V = Ht/4 HI
-
Order of dominance of the parents = (Wr + Vr)
Results
Graphical Analysis
Vr-Wr graphs for different characters in different generations are given in Figs. 1 to 5. The parents Hyb.4, Hyb.45, No. 54, No. 305 and Jalgaon 781 are designated by numbers 1 through 7 respectively.
The slopes of regression lines in the Vr-Wr graphs for yield in different generations differed significantly from unity suggesting that some of the basic assumptions underlying the diallel analysis were not met (Fig. la,b,c,d ) . The regression line intersected the Wr-axis above the point of origin in all sets thus indicating partial dominance for yield. In sets I and 11, array point 7 for Jalgaon 781, lying nearest to the point of origin, suggested a concentration of dominant genes in this parent. The parents Hyb.45 and P 23-67 (arrays 2 and 5 ) showed the largest concentrations of recessive genes in sets I, 11, and I11 but in set IV, No. 54 and L 24-2 (arrays 4 and 3 ) exhibited concentrations of recessive genes. The wide scatter of the array points around the regression lines confirmed that some of the assumptions of diallel analysis were not fulfilled.
Failure to meet some of the basic assumptions of the diallel analysis for pods per plant was indicated by the slopes of regression lines in sets I, I1 and 111, but set 1V seems to indicate the absence of gene interaction (Fig. 2a, b, c, d ) . Partialto over-dominance was deduced from the position of regression lines. The graphs showed that P 23-67 possessed more recessive genes than the other arrays in sets I, I1 and 111, while No. 54 had most of the recessive genes in set IV. The parents L 24-2 and Hyb. 4 appeared to possess most of the dominant genes in sets I, 11, I11 and IV, respectively.
In the Vr-Wr graphs for 100-seed weight, the slopes of the regression lines did not differ significantly from unity, suggesting the absence of non-allelic interactions (Fig. 3a, b, c, d) . The regression lines intersected the Wr-axis above the origin, indicating partial dominance in all the sets. The array of parent Hyb. 4 appeared to possess the most of the recessive genes and also had high 100-seed weight, while the array of L 24-2 had the most of dominant genes and low seed weight. Narrow spread of array points around the regression lines that the basic assumptions of diallel analysis were satisfied and also that genetic interactions were absent.
Deviation from unity of the slopes of the regression lines for clusters per plant suggests that some of the basic assumptions underlying diallel analysis were not met within sets I1 and IV but were met in set I11 (Fig. 4a, dominance was observed for this character. No. 54 was noted to be the recessive most, while No. 305, in set I1 and Hyb.4 in set I11 and IV showed the largest concentrations of dominant genes. Some of the assumptions of diallel analysis were not met in set I but were satisfied in the remaining sets for pods per duster (Fig.  5a,b,c,d ). Partial-to over-dominance was noted from the intersection of regression line and Wr axis above the origin. The L 24-2 showed maximum concentration of recessive genes in sets I, I1 and 111, but in set IV No. 54 appears to possess most of the recessive genes. The arrays descended from Jalgaon 781 in sets I and I1 and from Hyb. 45 in sets I11 and IV had the most dominant genes.
Components of Variance
Components of variance and degree of dominance and gene frequency for different characters is given in Tables I and I1 respectively.
For yield, the non-additive component of variance, H, and Hz, was significantly high in all generations, while the additive component D was not significant in any generation. Values of F were significant only in F, and being negative suggested a preponderance of negative acting genes among parents while for other generations balanced contribution by positive and negative genes is suggested. Estimates of u and v indicated greater frequency of genes that tend to reduce grain yield. Overdominance for this character was indicated by (HI,,)%. For pods and clusters per plant the non-additive (HI and Hz) component was significantly high but the additive component was relatively low in both the cases. F value was significant for pods per plant in F, generation only. In other generations, the values of F for pods and clusters per plant were negative but nonsignificant, thus showing gene symmetry. Actual estimates of u and v indicated the greater frcquency of negative acting genes.
Components of genetic variance in various generations for yield and its components
For 100-seed weight both additive and non-additive (HI and H,) components were significantly high but the magnitude of HI was more than D in the F2 and Fa generations. The significant value of F in F , indicated an excess of positive acting genes, while for other generations gene symmetry is suggested. The actual estimates of positive (u) and negative (v) acting genes also suggested the preponderance of the genes that increase 100-seed weight.
For pods per cluster the additive component was relatively greater than the non-additive component in all the generations except F,. Partial-to overdominance was observed for this character in various generations. The value of F was significant only in F,, indicating a high frequency of the recessive genes. The estimates of u and v gave a high frequency of the genes reducing the number of pods per cluster.
The order of dominance of the parents and their mean performance clearly suggested that recessive genes seem to govern large seed size and more clusters per plant, while concentrations of dominant genes are associated with more pods per cluster. Dominant genes appear to control high yield but recessive genes seem to govern high number of pods per plant.
Discussion
The gene action shown by the Vr-Wr graph suggested the presence of genic interaction for yield, pods per plant and clusters per plant. The importance of non-additive genetic variance for these characters has been confirmed by the significantly high estimates of non-additive components of variance. The combining ability study conducted by Singh (1970) also confirmed the importance of nonadditive gene effects for grain yield and pods per plant.
Graphical analysis for seed weight and pods per cluster indicated the absence of genic interactions. The components of variance estimates indicated that for seed weight both additive and dominance components of variance were inportant, but for pods per cluster the additive component was the most significant. This confirmed the findings of Singh (1970) on the importance of both general and specific combining ability effects for seed size and of general combining ability only for pods per cluster.
Graphical analysis revealed partial dominance for yield and seed weight, but partial-to over-dominance was indicated for pods per plant, clusters per plant and pods per cluster. Partial dominance for yield and partial-to over-dominance for pods per plant was also noted by Singh and Jain (1971 a) .
The dominance order of the parents revealed by (Wr + Vr), and their per se performance indicated that dominant genes seem to govern the inheritance of high grain yield, but the recessive genes appear to control high number of pods per plant. In both cases the presence of genic interaction probably distorted to some extent the dominance order of the parents. The frequency of u and v was different from the expected frequency of u = v = 0.5. The frequency of negative and positive acting genes showed that negative acting genes for yield, pods and clusters per plant were more frequent in the parents while positive acting genes were more frequent for seed size. Control by recessive genes of yield, pods per plant and seed size has been reported by Dhaliwal (196, 9) in Phaseolus mungo and by Sen and Murty (1960) in Phaseolus aureus. On the contrary, Singh and Jain (1971a) observed that dominant genes govern the inheritance of yield and pods per plant.
Usefulness of Studying F, and Subsequent Generations in Diallel Analysis
One of the objectives of this study was to compare the results obtained from an F, diallel analysis with those obtained from subsequent generations. In this study we noted that generally the results observed in F, generations regarding the type of gene action and variance components were in agreement with those of F2 and backcross generations. For example, non-additive gene action with partial dominance was observed for yield in F, as well as in F, and backcross generations. There was, however, more similarity in magnitude of variance components between the F, and backcross generations. The results obtained in F3 were not always the same as those observed in F,. These differences may be largely attributed to the small sample of F3 families. Variable degrees of dominance for various characters has, however, been observed in F1 and later generations, but the estimates of variance in F, are more reliable because in segregating generations the genic interaction also contributes toward dominance, thus causing inflation of the estimates. Based on this study, it is suggested that it would be more appropriate to study only the additional generation of either F2 or backcross to confirm the findings of an F, diallel set.
Implication on Breeding Methodology
This study revealed the importance of non-additive gene effects for economically important characters such as grain yield and pods per plant. This would mean that the heterosis observed in Phaseolus aureus is due to genic interaction and overdominance. Overdominance is non-fixable in advanced generations. Hence the development of hybrid varieties is the best way to exploit the gain observed in the F1 generation. But, in the absence of many prerequisites, it is not possible at present to develop hybrid varieties. Therefore, recurrent selection as suggested by Andrus (1963) , although very cumbersome and time consuming, may be the most effective way to handle the breeding material. Despite the disadvantages, this procedure may give high-yielding, pure lines as good as F, hybrids. It has often been observed that high-yielding offspring occur due to recombination, even though the predominant gene action may be dominance and epistasis. Therefore, to obtain high yielding segregants, it is suggested that both pedigree breeding and recurrent selection be followed simultaneously.
